INTRODUCTION {#S0001}
============

In Brazil, cardiovascular disease (CVD) is the leading cause of death, accounting for 29.4% (302682) of all deaths in the country in 2006 \[[@CIT0001]\]. CVD is caused by an association between genetic and behavioural risk factors and can originate in childhood \[[@CIT0002], [@CIT0003]\]. The major CVD risk factors include heredity, obesity, smoking, physical inactivity, dyslipidaemia, hypertension, diabetes, insulin, and gender \[[@CIT0004]--[@CIT0006]\].

Obesity is associated with the development of hypertension, type II diabetes mellitus, hyperlipidaemia, and premature death \[[@CIT0007]\]. Body mass index (BMI) and waist circumference are considered strong indicators of overall adiposity and central obesity, respectively \[[@CIT0002], [@CIT0008]\]. The 85th and 95th percentiles of the population BMI are used to classify children and adolescents who are overweight and obese, respectively.

For the waist circumference, values above the 70th \[[@CIT0009]\], 75th \[[@CIT0010]\], and 50th to 57th \[[@CIT0011]\] percentiles have been suggested as the appropriate cut-off points for predicting CVD risk factor clustering. According to Steinberger et al. \[[@CIT0006]\], the atherosclerotic process is accelerated exponentially when CVD risk factors are clustered. This clustering may be present from childhood and tends to persist into adulthood \[[@CIT0002]\].

Although low levels of aerobic fitness are associated with increased cardiovascular risk in adults, very few studies have evaluated this association in children \[[@CIT0012], [@CIT0013]\]. Due to the necessity for early intervention in children at increased risk of CVD, identifying the best predictors has aroused great interest. Even though several studies with similar methods and large samples have already been conducted \[[@CIT0004], [@CIT0005], [@CIT0008], [@CIT0014]\], there is no information regarding the Brazilian population on this subject. Liu et al. \[[@CIT0005]\] and Yan et al. \[[@CIT0015]\] clearly showed the necessity of determining cut-off points for a specific ethnic population, which can differ even within a single country.

Therefore, the objective of the present research was to identify cut-off points for the BMI, waist circumference, waist-to-height ratio (WHtR), and aerobic fitness for predicting CVD risk factor clustering in children.

MATERIALS AND METHODS {#S0002}
=====================

The study participants were children aged 6 to 10 years who were enrolled in the 1st to 5th grades in public schools in the urban area of Itaúna, Minas Gerais, Brazil, constituting a random sample selected from a population of 4649 students.

To determine the minimum size required for the sample, a pilot study was conducted with 25 students of both genders who were 6 to 10 years old. The children\'s systolic and diastolic blood pressure (SBP and DBP), high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, triglycerides, glycaemia, and insulin levels were measured. For each variable, the maximal acceptable tolerance error was defined. For this purpose, the estimate of the population average obtained from values described in the literature was considered, thereby preserving the clinical relevance of the results. To calculate the minimum sample size for each variable, the respective sample standard deviation was used as a population estimate at a significance level of 5%. The maximum sample size was assumed to be within the minima obtained, which was the value of 228 individuals relative to the insulin variable (i.e., the limiting variable for sampling due to its highest variability). Thus, the sample size was set at a minimum of 228 students to meet the margin of error in population measurements for all variables of interest. Upon estimating a loss of 50%, the final sample was set to 456 children. This sample was stratified within each school so that the proportions of age and gender were maintained. Using the data obtained from each school, students in each grade were numbered in sequential order. Thereafter, a table of random numbers generated by the Excel 2003 software was used, and children were selected by the corresponding list created in each grade. This process was repeated until the number required to make up the sample for that age and gender for each school was reached.

The inclusion criteria were children between 6 and 10 years old and enrolled in the public state or municipal network. Children who had medical limitations and/or motor skill deficits that rendered them unable to perform the test were excluded.

Ethical considerations {#S20003}
----------------------

A consent form was signed by the parents in advance. The project was approved by the Research Ethics Committee of Universidade Federal de Minas Gerais (No. 0040.0.203.000-10) and the Universidade de Itaúna (No. 012/10) in accordance with the Helsinki Declaration.

Procedures {#S20004}
----------

### Anthropometry

Body mass was measured with children wearing light clothes, on a Seca 803 digital electronic scale (Seca, Hamburg, Germany) with a maximum capacity of 150 kg and a precision of 0.1 kg. Height was measured on an Alturaexata vertical anthropometer (Alturaexata, São Paulo, Brazil) which was graduated in centimetres and had a precision of 0.001 m. Body weight and height were measured twice, and the mean was calculated. The body mass index (BMI) was calculated using the ratio of the total body mass in kilograms to the height in square metres. Waist circumference was measured using a Venosan tape measure (Venosan Brasil, Pernambuco, Brazil), 2 m in length, which was flexible, inelastic, and had a precision of 0.001 m. Waist circumference was measured at the end of a normal expiration and by setting a reference point located between the lowest rib and the top of the iliac crest \[[@CIT0015]\].

### Blood pressure

Blood pressure was measured using an automated blood pressure monitor (Omron HEM711, China) that has been validated for scientific purposes \[[@CIT0016]\]. Three measurements were performed on the right arm after at least 5 minutes of rest, with the child seated and his or her legs and arms in a relaxed position. A 2-minute interval was provided between each measurement \[[@CIT0012]\]. The mean of the three measurements was calculated.

### Aerobic fitness

Aerobic fitness was evaluated by the maximal oxygen consumption (VO~2~max), which was estimated indirectly using the Yo-Yo test \[[@CIT0017]\]. This test consisted of running back and forth on a 20-m path with progressive intensity until exhaustion. The running pace was determined by a beep emitted by a sound system using a test-specific compact disc (CD). At each school, the distance was marked on either a sports field or another available area containing a paved surface. The initial running speed of the test was 8.5 km · h^−1^ and increased by 0.5 km · h^−1^ every minute until the child was unable to keep pace with two consecutive beeps. All of the children were verbally encouraged to achieve maximum stress during the test. For the calculation of VO~2~max in ml · kg^−1^ ·min^−1^, the following equation described by Leger and Gadoury \[[@CIT0018]\] was used: VO~2~max = 31.025 + 3.238 (final test speed in km · h^−1^) - 3.248 (age in years) + 0.1536 (final speed x age). This test has been validated for children and adolescents (r = 0.76) \[[@CIT0019]\].

### Laboratory tests

After 12 hours of fasting, 10 ml of blood was collected into a disposable plastic syringe, and this amount was equally divided and distributed into two tubes. One of the tubes containing a fluoride anticoagulant was centrifuged to obtain plasma, and the fasting glucose level was measured by an automated enzymatic method in a Clinline 150 machine (Biomerieux, USA). After centrifugation, serum was obtained from the remaining 5 ml, and 500 *µ*l was removed for analysis of total cholesterol and fractionation by the colorimetric enzymatic method, as well as for analysis of triglycerides by the automated enzymatic method. All tests were performed on the Clinline 150 machine (Biomerieux, USA). One millilitre serum volume was used for insulin analysis using the electrochemiluminescence method.

Statistical analysis {#S20009}
--------------------

The criterion for the definition of clustering was the presence of three or more of the following risk factors in the same child (adjusted for age and gender): low high-density lipoprotein (HDL) cholesterol levels; high low-density lipoprotein (LDL) cholesterol, triglycerides, glycaemia, or insulin levels; and high SBP or DBP. The cut-offs were set to below 45 mg · dl^−1^ for HDL cholesterol; above 100 mg · dl^−1^ for LDL cholesterol, triglycerides, and glycaemia; and above the 80th percentile for blood pressure and insulin. The intraclass correlation coefficient was calculated for testing the anthropometric measures reliability. A ROC (receiver operating characteristic) curve analysis was used to calculate the sensitivity and specificity of the variables BMI, waist circumference, WHtR ratio, and VO~2~max as predictors of CVD risk factor clustering. The area under the curve (AUC) measures the degree of separation between individuals affected and unaffected by a specific test. An AUC of 1 indicates perfect separation between affected and unaffected individuals, while an AUC of 0.5 indicates no discrimination between the test values. The cut-off point for each predictor variable was defined as the point where the greatest product was found between the sensitivity and specificity subtracted from 1. Next, for each variable in each gender, the percentile corresponding to the cut-off point was identified ([table 4](#T0004){ref-type="table"}). This percentile was used to identify the cut-off values for each age in each gender. Those values were then smoothed by the use of least mean squares (LMS) regression by the software SAS. The LMS method involves summarizing percentiles at each age on the basis of Box-Cox power transformations, which are used to normalize the data \[[@CIT0004]\]. A probability level of p \< 0.05 was used to indicate statistical significance. The SPSS for Windows statistical package version 17.0 was employed.

RESULTS {#S0010}
=======

The descriptive characteristics of the sample are presented in [Table 1](#T0001){ref-type="table"}. The frequencies of CVD risk factors are presented in [Table 2](#T0002){ref-type="table"}. The CVD risk factor clustering in the sample was 28.79% and 23.42% for girls and boys, respectively. The intraclass correlation coefficient for the three measures of waist circumference, height and body mass was, respectively: 0.997; 1.0 and 1.0 (p \< 0.0001). [Figures 1](#F0001){ref-type="fig"} and [Figure 2](#F0002){ref-type="fig"} present the ROC curve for girls and boys, respectively. The optimal threshold values for predicting the high-risk group are those closest to the left corner in each figure, as determined by the choice between the intersection of the sensitivity and specificity curves. As presented in [Table 3](#T0003){ref-type="table"}, the AUCs for the variables BMI, waist circumference, and WHtR ratio were significantly different from 0.5 (p \< 0.001) in both genders, ranging from 0.62 to 0.76. The sensitivity and specificity varied between 48.4% and 81.9% for both genders. The AUCs for VO~2~max were 0.253 for the girls and 0.287 for the boys, indicating that this variable cannot be considered a strong predictor for CVD risk factor clustering in this sample ([Figures 1](#F0001){ref-type="fig"} and [2](#F0002){ref-type="fig"}). The cut-off values derived from the ROC curve (by age and gender) are presented in [Table 4](#T0004){ref-type="table"}. These values are those above which there is increased likelihood of the child presenting a clustering of CVD risk factors.

![ROC curve for BMI, waist circumference, WHtR (waist circumference to height ratio) and VO~2~max with CVD risk factor clustering in girls aged 6-10 years (n = 132).](JBS-32-1163371-g001){#F0001}

![ROC curve for the BMI, waist circumference, WHtR (waist circumference to height ratio) and VO2max with CVD risk factor clustering in boys aged 6-10 years (n = 158).](JBS-32-1163371-g002){#F0002}

###### 

Anthropometric characteristics and cardiovascular risk factors in boys and girls aged 6-10 years (n = 290).

  Variable                           Girls (n = 132)    Boys (n = 158)
  ---------------------------------- ------------------ ----------------
  Age (years)                        8.25 ± 1.35        8.25 ± 1.33
  Height (m)                         1.32 ± 0.09        1.33 ± 0.10
  Body mass (kg)                     29.96 ± 8.86       31.60 ± 8.86
  BMI (kg · m^−2^)                   16.91 ± 3.56       17.46 ± 3.27
  WC (cm)                            59.19 ± 9.03       61.30 ± 9. 04
  WHtR                               0.45 ± 0.06        0.46 ± 0.06
  VO~2~max (ml · kg^−1^ · min^−1^)   49.92 ± 3.08       52.04 ± 3.62
  SBP (mmHg)                         94.80 ± 9.93       95.81 ± 11.38
  DBP (mmHg)                         59.26 ± 8.46       57.50 ± 8.94
  Total cholesterol (mg · dl^−1^)    171\. 35 ± 30.35   169.34 ± 27.94
  LDL (mg · dl^−1^)                  103.69 ± 26.95     100.30 ± 27.95
  HDL (mg · dl^−1^)                  50.18 ± 10.62      53.09 ± 10.91
  Triglycerides (mg · dl^−1^)        87.40 ± 39.46      79.77 ± 33.47
  Glycemia (mg · dl^−1^)             88.74 ± 7.92       88.31 ± 8.19
  Insulin (µUI · ml^−1^)             5.81 ± 5.44        4.80 ± 3.96

Note: values are mean ± standard deviation; BMI= body mass index; WC = waist circumference; WHtR = waist circumference to height ratio; VO~2~max = maximum oxygen consumption; LDL = low-density lipoprotein; HDL = high-density lipoprotein.

###### 

Prevalence of cardiovascular risk factors in boys and girls aged 6-10 years (n = 290).

                    SBP (mmHg)   DBP (mmHg)   HDL (mg · dl^−1^)   LDL (mg · dl^−1^)   Triglycerides (mg · dl^−1^)   Glycemia (mg · dl^−1^)   Insulin (µUI · ml^−1^)
  ----------------- ------------ ------------ ------------------- ------------------- ----------------------------- ------------------------ ------------------------
  Girls             n /%                                                                                                                     
  6 (21)            5/23.8       4/19.1       6/28.6              11/52.4             1/4.8                         1/4.8                    5/23.8
  7 (18)            4/22.2       4/22.2       6/33.3              9/50.0              3/16.7                        1/5.6                    4/22.2
  8 (26)            5/19.2       6/23.1       6/23.1              11/42.3             9/34.6                        1/3.9                    6/23.1
  9 (41)            9/21.9       9/21.9       15/36.6             28/68.3             14/34.2                       2/4.9                    9/22.0
  10 (26)           5/19.2       6/23.1       7/26.9              17/65.4             10/38.5                       1/3.9                    6/23.1
  Total (n = 132)   28/21.2      29/22.0      40/30.3             76/57.6             37/28.0                       6/4.6                    30/22.7
                                                                                                                                             
  Boys                                                                                                                                       
  6 (19)            4/21.1       4/21.1       5/26.3              7/36.8              6/31.6                        1/5.3                    4/21.1
  7 (32)            7/21.9       7/21.9       8/25.0              15/46.9             5/15.6                        5/15.6                   7/21.9
  8 (34)            7/20.5       7/20.6       8/23.5              16/47.1             11/32.4                       0/0                      7/20.6
  9 (37)            8/21.6       8/21.6       6/16.2              17/46.0             4/10.8                        0/0                      8/21.6
  10 (36)           8/22.2       8/22.2       9/25.0              20/55.6             6/16.7                        2/5.6                    8/22.2
  Total (n = 152)   34/21.5      34/21.5      36/22.8             75/47.5             32/20.3                       8/5.1                    34/21.5

Note: LDL = low-density lipoprotein; HDL = high-density lipoprotein.

###### 

Results of ROC curve analysis for predicting cut-offs for the waist circumference, BMI, WHtR, and VO~2~max in predicting CVD risk factor clustering in girls and boys aged 6-10 years (n = 290).

             AUC    95% CI        Percentile   Sensitivity (%)   Specificity (%)
  ---------- ------ ------------- ------------ ----------------- -----------------
  BMI                                                            
  Girls      0.70   0.59 - 0.81   52.9         73.0              63.2
  Boys       0.71   0.60 - 0.82   53.7         74.4              61.4
                                                                 
  WC                                                             
  Girls      0.76   0.67 - 0.86   65.0         64.9              76.8
  Boys       0.68   0.57 - 0.80   67.6         64.5              75.6
                                                                 
  WHtR                                                           
  Girls      0.62   0.50 - 0.74   63.5         56.8              71.6
  Boys       0.64   0.52 - 0.76   75.7         48.4              81.9
                                                                 
  VO~2~max                                                       
  Girls      0.25   0.16 - 0.35   \-           \-                \-
  Boys       0.29   0.18 - 0.39   \-           \-                \-

Note: ROC = receiving operating characteristic; BMI= body mass index; WC = waist circumference; WHtR= waist circumference to height ratio; VO~2~max = maximum oxygen consumption.

###### 

Cut-offs for the BMI, waist circumference, and WHtR for predicting CVD risk factor clustering in girls and boys aged 6-10 years (n = 290).

  Age (years)   BMI (kg · m^−2^)   WC (cm)   WHtR                   
  ------------- ------------------ --------- ------- ------- ------ ------
  6             15.48              15.07     54.17   58.34   0.46   0.51
  7             16.13              15.17     55.28   58.63   0.45   0.48
  8             16.15              15.35     61.70   62.16   0.46   0.49
  9             16.40              15.47     58.93   61.38   0.43   0.46
  10            17.76              16.97     64.73   66.57   0.46   0.48

Note: BMI= body mass index; WC = waist circumference; WHtR = waist circumference to height ratio.

DISCUSSION {#S0011}
==========

The cut-off points found for the BMI, waist circumference, and WHtR are considered strong predictors because between 48.4% and 74.4% of the children were correctly classified as having a high score for CVD risk (sensitivity), while between 61.4% and 81.9% were correctly classified as not having a high risk of CVD (specificity).

Similar values were found by Katzmarzyk et al. \[[@CIT0004]\] (67% sensitivity and 75% specificity); Liu et al. \[[@CIT0013]\] (75% to 83.3% sensitivity and 73.7% to 67.2% specificity); and Maffeis et al. \[[@CIT0020]\] (72.4% sensitivity and 79.1% specificity). Ribeiro et al. \[[@CIT0021]\] found scores between 53.8% and 72.2% for sensitivity and between 45.5% and 58.5% for specificity in Brazilian children and adolescents when analyzing the BMI, waist circumference, and WHtR ratio as predictors of CVD risk in isolation.

In the present study, the AUC was similar to BMI (0.70 and 0.71) and waist circumference (0.76 and 0.68), whereas the WHtR ratios were slightly lower (0.62 and 0.64) but also significant. These values are similar to the data from Katzmarzyk et al. \[[@CIT0004]\], whereas Liu et al. \[[@CIT0005]\] found values greater than 0.81, and Maffeis et al. \[[@CIT0020]\] determined values equal to 0.8. The BMI cut-off points in this study ranged from 15.48 to 17.76 kg · m^−2^ for girls and 15.07 to 16.97 kg · m^−2^ for boys; these values are slightly lower than those found in Bogalusa\'s study \[[@CIT0004]\] (i.e., 16.1 to 18.3 kg · m^−2^ for girls and 16.3 to 17.8 kg · m^−2^ for boys).

The cut-offs for waist circumference in the present study (54.17 to 64.73 cm for girls and 58.34 to 66.57 cm for boys) are higher than those found by Katzmarzyk et al. \[[@CIT0004]\] in American children (52.7 to 63.3 cm for girls and 53.5 to 64.4 cm for boys). A study performed with children in Hong Kong resulted in values similar to those of the present study \[[@CIT0029]\]. Liu et al. \[[@CIT0005], [@CIT0013]\] found waist circumference cut-offs (57.2 to 68.5 cm for girls and 62.7 to 79.9 cm for boys) which are larger than those found in the present study, while Bergmann et al. \[[@CIT0022]\] found values ranging from 58.25 to 65.85 cm for girls and 63.85 to 66.75 for boys (all 7 to 10 years old and in southern Brazil). These small differences in the cut-off points between different studies may be explained by the number of risk factors considered as a cluster, the cut-off points established for the risk factors, consideration of the cut-off points by age, possible variations due to ethnicity, and the method of statistical analysis.

The cut-offs for the WHtR ratio in the present study ranged from 0.43 to 0.46 for girls and from 0.46 to 0.51 for boys. For the Brazilian population, in which there is great variation in height, the WHtR ratio may be a more appropriate measure of distribution than the BMI and waist circumference separately. Another advantage of the WHtR ratio over other measures of adiposity is that it varies less between gender and age; hence, the mean values may be used as cut-offs for children of both genders and of different ages. However, Pereira et al. \[[@CIT0023]\] found that, compared to WHtR ratio, waist circumference is a better predictor of CVD risk factors in Brazilian adolescents.

Although most investigators have considered three or more CVD risk factors as a cluster \[[@CIT0004], [@CIT0005], [@CIT0015]\], some researchers have used quartiles or quintiles of risk scores on a continuous scale \[[@CIT0011]--[@CIT0013]\], while others have studied the ability of predictor variables for each risk factor of CVD, in isolation \[[@CIT0021], [@CIT0024], [@CIT0025]\]. Regarding the cut-off points for each risk factor, some investigators have used percentiles \[[@CIT0004], [@CIT0007], [@CIT0011], [@CIT0012]\], others have used fixed points \[[@CIT0024]\], and still others have employed fixed cut-offs for certain variables and percentiles for other variables \[[@CIT0005], [@CIT0020], [@CIT0021]\]. The percentiles considered as cut-offs have varied from the 75th to the 95th percentiles in different studies.

In the present study, we used fixed values for HDL and LDL cholesterol, triglycerides, and glycaemia, and over the 80th percentile (based on age and gender) for insulin, SBP, and DBP. These cut-offs points are considered desirable for the paediatric population according to Guideline I for Prevention of Atherosclerosis in Childhood and Adolescence \[[@CIT0003]\]. Although the choice of these cut-offs may have contributed to high rates of CVD risk factor clustering (28.79 and 23.42% for girls and boys, respectively), we believe that the values indicated as "desirable" in the literature should be used for such studies.

According to our results, aerobic fitness could not be considered as a strong predictor of CVD risk factor clustering (AUC less than 0.5 for both genders). Significant AUCs (0.67 and 0.68) for aerobic fitness and CVD risk factors have been determined by Ruiz et al. \[[@CIT0026]\]. There is strong scientific evidence for the association between aerobic fitness and CVD risk factors in adults, but paediatric studies are limited in numbers. Negative, significant, and moderate-to-high associations have been found in children \[[@CIT0011], [@CIT0026]--[@CIT0029]\]. Kriemler et al. \[[@CIT0013]\] demonstrated that, for each one-stage increase in the result of the Yo-Yo test, there was an 8% reduction in the sum of four skinfolds and a 6% reduction in the homeostatic model assessment (HOMA) index, which is considered an indicator of insulin resistance.

Jago et al. \[[@CIT0014]\] indicate a limited effect of aerobic fitness levels on CVD risk factors as a result of an exercise programme intervention when body mass is considered. During the field test used in the present investigation, subjects were requested to transport their body mass, which may have reduced the impact of aerobic fitness levels in our results \[[@CIT0011]--[@CIT0013]\]. Furthermore, it is possible that the ROC curve analysis performed here did not consider aerobic fitness to be a good predictor of CVD risk factor clustering because of the low variation coefficient of VO~2~max. This low amplitude of VO~2~max values observed in our sample may be explained by the specific features of the aerobic test used and its prediction equation. However, the choice of a field test in the present investigation was based on the observation of Ruiz et al. \[[@CIT0026]\], who stated that "in some circumstances, field tests may be the best option because a large number of subjects can be tested at the same time, they are simple, safe and often the only feasible method."

Although our selection of subjects was randomized and the sample was representative for the population, the low number of subjects within each age category may cause imprecise estimations. However, the use of a younger age range adds new information on a less studied population which shows an increasingly higher incidence of risks for CVD. Data were also obtained from a population with ethnic characteristics which differ from those of most studies available in the literature. This brings a special relevance, considering the importance of analyzing different socio-economic, ethnic and cultural aspects of the studied populations to better comprehend the impact of different risk factors on CVD development during childhood and adolescence \[[@CIT0005], [@CIT0015], [@CIT0030]\]. The interpretation of our results is limited by its cross-sectional nature. The ideal study design to verify the real predictive ability of anthropometric variables and aerobic fitness should include a follow-up over many years.

CONCLUSIONS {#S0012}
===========

The results of this study corroborated the use of BMI, waist circumference, and the WHtR ratio as predictors of CVD risk factor clustering and identified the respective cut-offs in children. Aerobic fitness was not a strong predictor in this study, although this variable deserves greater attention in future studies on this matter because of the incontrovertible evidence regarding the important role of aerobic fitness in preventing CVD risk factors.
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